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ABSTRACT

The third Sandia Fracture Challenge involved predicting failure of a complex geometry produced using
additive manufacturing. Due to the geometric and material uncertainties introduced by modern additive
manufacturing (AM) techniques, we approached the challenge by attempting to determine the root-cause
of the observed behavior and variability for each of the challenge material characterization tests. To be-
gin, we used optimization methods to calibrate a rate dependent and anisotropic Hill plasticity model to
represent material deformation coupled with a damage model driven by void growth and nucleation. We
then used simulations of the SFC3 geometries to test hypotheses about the influence of defect structures
and damage on the material characterization tests results and our challenge predictions. With simula-
tion results supporting our material modeling choices for the AM 316L material of interest, calibrations
were performed to all data providing an estimate of material model parameter uncertainty. To investi-
gate the effect of the variability of the challenge specimens’ geometric features, simulations of each of
the provided challenge specimen geometries were performed with the nominal material parameter set.
These simulations demonstrated that the exact geometry of the challenge geometries’ holes and channels
strongly influenced our predictions for the SFC3 quantities of interest. With material and geometric vari-
ability in mind, we used the Kolmogorov-Smirnov test statistic to determine a reduced set of simulations
to appropriately account for variability in our predictions. For this particular material and geometry, our
approach provided accurate predictions for the global response of the challenge specimen and predicted
the correct failure path. After the challenge, we performed a reinvestigation of the challenge using newly
available test data. Our reinvestigation focused on the influence of AM material defects on our calibra-
tion results and challenge predictions by explicitly modeling pores and defects in our models. Initial
results of this reinvestigation will be presented and compared to experimental results.
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